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Abstract 
Here we establish a more complete phase diagram for FeSe system, based on 
experimental results of nonstoichiometric Fe1-xSe single crystals that we have developed 
recently, as well as nearly stoichiometric FeSe single crystals. The electronic correlation is 
found to be strongly enhanced in hole-dominated Fe1-xSe, as compared with 
electron-dominated FeSe, from the magnetic susceptibility and electrical transport 
measurements in the normal state. A superconducting dome is found to emerge starting 
from the strongly correlated hole-dominated regime with electron doping, while the 
tetragonal-orthorhombic phase transition at ~90 K is observed only at higher 
electron-doping levels in the electron-dominated regime.  
  
2 
 
Among iron-based superconductors, the simplest binary FeSe has drawn continuous 
research attention due to its unique properties in the normal and superconducting (SC) 
state [1,2]. Signs of the electronic correlation effects have been observed experimentally 
in bulk FeSe [1]. Model calculation [3] has predicted that reducing the d-electron number 
per iron (Nd) by introducing holes can further enhance the electronic correlations of 
Hund’s coupling [4] and Coulomb interaction, as well as iron magnetic moment, as it 
drives the iron-based superconductors (approximate 3d
6
 configuration) closer to the Mott 
insulators (at half-filled 3d
5
 configuration). Due to limited sample availability, however, 
previous investigations of FeSe system are mainly based on the nearly undoped FeSe 
samples near Nd = 6, which show superconducting transition at an almost constatnt Tc ~ 9 
K and strongly electron-dominated transport regime in the normal state. Therefore, an 
experimental study of the doping effects on the electronic correlation in FeSe system is 
still lacking to date. A way out of this is to introduce holes into the FeSe system by 
creating vacant Fe-sites. Correspondingly, the d-electron number in resultant 
nonstoichiometric Fe1-xSe samples is reduced to Nd = 6 - p depending on their iron 
deficiency x; here p = 2x/(1-x) is the doped hole concentration relative to that (p = 0) of 
stoichiometric FeSe where x = 0. This simplest Fe1-xSe series can provide a superior 
platform for experimentally studying the doping dependence of electronic correlation and 
its influence on superconductivity. On the other hand, bulk FeSe does not order 
magnetically, and has been shown to display significant anisotropic antiferromagnetic 
(AFM) fluctuations [5-8]. It undergoes a high-temperature tetragonal (HTT) to 
low-temperature orthorhombic (LTO) structural transition upon cooling to Ts ~ 80 - 90 K 
[9,10]. The orthorhombic distortion is weak, as charaterized by a small amount of 
in-plane lattice change (a-b)/(a+b) ~ 0.3%, and has been proposed as driven by the 
development of a long-range nematic order with unequal occupations of iron 3dxz and 
3dyz orbitals [11-13]. This is dissimilar to related iron arsenide systems with a HTT to 
LTO phase transition closely followed by a long-range AFM ordering [14,15]. These 
different leading instabilities in iron selenide and arsenide compounds complicate a 
unified understanding of iron-based superconductivity. Nematic order in nearly 
stoichiometric FeSe has been intensively studied experimentally [1,16-20] and 
theoretically [21-23] in connection with superconductivity; however, considerable 
controversy still remains. Therefore, it is also necessary to investigate this important 
issue in the iron-deficient Fe1-xSe samples. 
Here, we present the results of our experimental study on a series of 
nonstoichiometric Fe1-xSe and nearly stoichiometric FeSe single crystals. All the 
iron-deficient Fe1-xSe samples of varying Tc exhibit a hole (h) dominated transport 
behavior at low temperatures in the normal state, in contrast to the electron (e) dominated 
behavior [24,25] in the nearly stoichiometric FeSe. Our measurements show that the 
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electronic correlation and magnetic susceptibility are strongly enhanced in the 
h-dominated Fe1-xSe having a fractional number of reduction in the d-electron number Nd, 
in agreement with the previous calculation results. Importantly, the superconductivity 
appears deeply inside the strongly correlated h-dominated regime, and Tc rises gradually 
from zero to 9 K with weakening strength of electronic correlation, which is associated 
with increasing electron doping (i.e. increasing Nd), or correspondingly decreasing 
concentration p of the introduced holes. As p  0 with further electron doping, FeSe 
system crosses from the h-dominated Fe1-xSe to e-dominated FeSe, then Tc tends to be 
reduced from the optimal value of 9 K. The results reveal a superconducting dome in the 
FeSe system, which emerges starting from the strongly correlated hole-dominated region, 
in analogy with that in high-Tc cuprate superconductors derived from the strongly 
correlated Mott insulators. Interestingly, the onset doping level (at an Fe-deficiency x = 
xsc ~ 5.3 %) for superconductivity to emerge in the prototypical Fe1-xSe is comparable to 
that (at xsc ~ 5 % [26]) in the intercalated high-Tc (Li,Fe)OHFe1-xSe superconductors. On 
the other hand, the HTT-LTO phase transition is observed only at higher electron-doping 
levels in the e-dominated regime of nearly stoichiometric FeSe. This suggests that the 
electronic states developing with the long-range orbital-nematic order do not favor the 
superconductivity. Overall, the present study makes an important step forward toward an 
understanding of unconventional iron-based superconductivity in connection with the 
electronic correlation. 
Phase-pure and sizable iron-deficient Fe1-xSe single crystals were synthesized by a 
hydrothermal ion-deintercalation (HID) method as reported previously (see Supplemental 
Material [27]). For comparison, nearly stoichiometric single- and poly-crystalline FeSe 
samples were also obtained by chemical vapor transport (CVT) and solid-state reaction 
methods [27], respectively. Tc of all the samples was characterized by the onset 
temperature of sharp SC transition in magnetic susceptibility, as shown in the upper panel 
of Fig. 1a. The lower panel of Fig. 1a shows the SC transition in the resistivity. Here H9, 
H7.2, etc. stand for the HID samples with Tc = 9 K, 7.2 K, etc., respectively, and C8.6 
stands for the CVT sample with Tc = 8.6 K. By single-crystal x-ray structural refinements 
(see supplemental Table S1), the concentrations of disordered Fe-vacancies are 
determined for representative samples as x ~ 2.5 % for H7.2, ~1.8 % for H9, and ~0.6 % 
for C8.6. CVT sample C8.6 is closer to the stoichiometry. 
It is unexpected that the HTT-LTO phase transition is not observed in the HID 
Fe1-xSe single crystals, as clearly evidenced by the disappearance of specific-heat jump 
(Fig. 2a). In contrast, the specific-heat jump is evident and strong in the CVT (C8.6) and 
polycrystalline (S8, Tc = 8 K) FeSe, indicating the structural transition at Ts in these 
nearly stoichiometric samples. Further crystallographic evidence also suggests the 
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absence of orthorhombic phase in the HID samples. With a single tetragonal (220) peak 
down to 20 K (Fig. 2d), the low-temperature powder x-ray diffraction (XRD) patterns of 
the HID samples (see Fig. 2c for H7.2) can be well refined with the tetragonal structure 
by Rietveld method (see Table S2), with no acceptable orthorhombic solution obtained. 
This is in consistence with the specific-heat results. By comparison, the splitting of HTT 
(220) peak into LTO doublet (400) and (040) below Ts and stronger reduction in the peak 
heights at 20 K (Fig. 2e) than the HID Fe1-xSe H7.2 (Fig. 2d) are also characteristic of the 
orthorhombic phase in the polycrystalline sample S8. For CVT FeSe sample C8.6, a kink 
at the structural transition Ts ~ 90 K is clearly visible in the resistivity r(T) curve (Fig. 
1b), similar to previous results; however, this kink is hardly discernible in the HID 
Fe1-xSe single crystals. The relative broadening of XRD peak profiles for H7.2 (Fig. 2d), 
as compared with the HTT phase of S8 (Fig. 2e), mainly results from the effects of lattice 
strain and grain size based on Williamson-Hall analysis [27]. But, the grain-size effect is 
present only in the ground powders (for the powder XRD experiments) but not the 
as-grown single crystals of HID Fe1-xSe. The atomic ratio Fe/Se of HID samples obtained 
by the single-crystal structural refinements (Table S1) is smaller than that of nearly 
stoichiometric samples, including the present samples C8.6, S8 and the samples of 
previous work [5,28-31] as well. The results are summarized in Fig. 2b by plotting Fe/Se 
ratio against Tc. Thus, a boundary is identified between the samples having (Fe/Se ≳ 
0.99) or not having (Fe/Se ≲ 0.99) the orthorhombic phase transition.  
Distinctive electrical transport behavior is also observed in the HID Fe1-xSe series at 
low temperatures in the normal state. The Hall resistivity rxy(H) of the HID single 
crystals is almost linearly proportional to magnetic field H at all the measuring 
temperatures; the data of the representative H7.2 are given in Supplemental Material [27]. 
Similar linear rxy(H) was observed in FeSe films [32], however the film structural 
properties were not easy to characterize. For nearly stoichiometric CVT FeSe sample 
C8.6, a concave nonlinearity in rxy(H) develops below ~70 K [27], which is consistent 
with previous results. The corresponding temperature dependences of Hall coefficient RH 
are summarized in Fig. 3a. Previous work has shown a nearly compensated electrical 
transport in CVT FeSe [1,2]. Here as evident from Fig. 3a, above T ~ 70 K, all the HID 
Fe1-xSe samples share almost the same temperature dependence of RH with the CVT FeSe 
samples, though more holes are introduced into HID Fe1-xSe than CVT FeSe (with about 
10
20
 cm
-3
 holes doped by 1 % Fe deficiency x). The HID and CVT RH(T) curves are all 
close to zero and well coincide with each other, with the sign changed twice at T = 120 
and 200 K. This means the nearly compensated electrical transport in both the HID and 
CVT samples, and the sign changes of their RH(T) are caused by an imbalance between 
the hole and electron mobilities. In fact, the strongly negative RH(T) of CVT FeSe at low 
temperatures has been ascribed to an emergence of a small minority of highly mobile 
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electron carriers [24,25]. For the HID Fe1-xSe samples, however, their Hall coefficient 
RH(T) at low T (e.g. 10 K) are significantly positive, and their values of RH(10 K) show a 
strong doping dependence (Fig. 4, the middle panel). This suggests the predominating 
hole-mobility contribution at low temperatures, especially in the higher-Tc Fe1-xSe 
samples showing the larger positive RH(10 K) values, where the hole-channel is much 
more conductive than the electron-channel, despite their lower hole-concentration p 
(smaller Fe-deficiency x) as shown in Fig. 4. The compensated feature of the HID Fe1-xSe 
samples is also consistent with their almost linear rxy(H) at all the meauring temperatures 
[27] and their nonmonotonic variation in RH(T) (Fig. 3a). Here we note that recent results 
of upper critical field Hc2(T) have also revealed a two-band feature of this HID Fe1-xSe 
series [33]. Interestingly, due to the stronger hole dominanc in the higher-Tc (≳ 7.2 K) 
Fe1-xSe single crystals, their Hc2(T) can also be fitted by a single-band 
Werthamer-Helfand-Hohenberg (WHH) formula, in addition to the effective two-band 
description. In the lower panel of Fig. 4, we present all the Hall coefficient data by a 
contour plot for the HID and CVT samples. This plot gives a whole perspective of the 
temperature and doping dependences of the carrier characteristics in the normal state of 
FeSe system. At higher temperatures above ~70 K, all the HID and CVT samples share 
the common feature in Hall signal, regardless of their different electron-doping level. At 
lower temperatures closer to Tc, however, distinctly different regions of the strong hole 
and electron dominance develop in the HID and CVT samples, respectively; and they are 
divided from each other at an Fe-deficiency x = xh/e (~1.4 %), corresponding to an 
electron-doping level at Nd = Nd
h/e
 (~5.97). 
In addition to the very different structural and transport properties, unusual 
magnetic properties in the normal state are further revealed in the HID single crystals. As 
presented in Fig. 3b for the representative samples, the value of magnetic susceptibility 
(T) for hole-dominated Fe1-xSe H7.2 is one order of magnitude larger than that for 
electron-dominated FeSe C8.6. And the temperature dependence displays a pronounced 
maximum centered around 70 K, below which it decreases linearly on cooling and 
approximately follows the Curie-Weiss behavior far beyond. Moreover, a consistently 
large effective local moment in the magnitude of ~3 B is estimated for Fe1-xSe H7.2 
from the Curie-Weiss law,    = C/(T+). A large iron magnetic moment is expected for 
the enhanced electronic correlation [3,4] associated with the reduced d-electron number 
Nd in the hole-dominated Fe1-xSe. Similarly, such enhanced correlation was also observed 
in heavily hole-doped iron arsenide superconductor KFe2As2 (at x = 1 in Ba1-xKxFe2As2 
series) [34]. In that case a local magnetic moment of about 2.5 B was also inferred from 
the Curie-Weiss law.  
Moreover, the prominent crossover in (T) from the linear-T to Curie-Weiss 
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behavior around 70 K (Fig. 3b) is a manifestation of the enhanced correlation in the 
hole-dominated Fe1-xSe as well. Similar crossover feature was also observed in strongly 
correlated hole-doped iron arsenide AFe2As2 (A = K, Rb, Cs) superconductors, where the 
crossover occurs around a temperature of 100 K [34,35]. But the crossover feature 
sharply contrasts with the monotonic linear decrease in (T) all the way from room 
temperature down to low temperatures seen in electron-dominated FeSe C8.6 (Fig. 3b), 
which is consistent with previous results of CVT FeSe [36], and has also been observed 
in some other iron arsenide superconductors [37]. The linear reduction in magnetic 
susceptibility with lowering temperature is understood from the short-range AFM 
correlations of local magnetic moments [37]. When the thermal excitation can overcome 
such short-range magnetic correlations, the magnetic susceptibility (T) will turn from 
the linear-T to Curie-Weiss behavior. For those iron-based superconductors with weaker 
electronic correlation, the strength of magnetic coupling is expected to be stronger, thus 
pushing the crossover feature to a higher temperature [37] beyond the ordinary 
temperature.  
Furthermore, the doping dependence of electronic correlation is also reflected in the 
transport measurements at low temperatures just above Tc. In the hole-dominated regime, 
first note that an upturn in resistivity r(T) develops below ~15 K (see Fig. 1b) in HID 
single crystals H3 and H4.6 with lower electron doping (i.e. smaller d-electron number 
Nd; see the upper panel of Fig. 4). This is a typical signature of carrier localization, as 
commonly seen in strongly correlated systems. Moreover, the resistivity at low T = 10 K 
displays a large doping-depedent increase among the HID samples, by a factor of 20 
from H9 to H3. Simultaneously, the value of Hall coefficient at 10 K, RH(10 K), also 
changes significantly with doping (Fig. 4, the middle panel). Such changes in the low-T 
Hall coefficient and resistivity cannot be accounted for by the Fe-vacancy scattering 
alone. First, the variation in concentration x of the Fe-vacancies is relatively very small 
(just a few per cent); and second, the Fe-vacancies have equal scattering effects on the 
electron and hole carriers, therefore they themselves can not cause such strong 
doping-dependent change in RH(10 K) of the nearly compensated Fe1-xSe series. Further, 
due to the stronger hole dominance in the higher-Tc (≳ 7.2 K) HID Fe1-xSe single 
crystals, their upper critical field Hc2(T) can also be fitted by the WHH formula as 
mentioned above, which yields an enhancement of the effective mass m* with decreasing 
Nd [33]. Therefore, the strong doping dependences of the low-T Hall coefficient RH(10 K) 
and resistivity r(10 K) can be attributed mainly to the electronic correlation effects, 
which are enhanced more and more in the hole-dominated regime. Thus a strong 
renormalization of low-T quasiparticles are expected, associated with the enhancements 
of the effective mass m* and scattering rate 1/ of such quasiparticles due to the 
enhanced electronic correlation. The significant decrease in RH(10 K) and large increase 
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in r(10 K) can be explained as a result of the strong reduction in the carrier mobility  (  
/m*) with decreasing d-electron number Nd.  
In the lower panel of Fig. 4, we plot the phase diagram of FeSe system by 
temperature T vs. lattice constant c, across the iron-deficient Fe1-xSe and nearly 
stoichiometric FeSe. The c-axis cell parameter can be used as a measure of the degree of 
Fe-deficiency x, since introducing Fe-vacancies reduces the lattice constant c (see 
supplemental Fig. S5), while the change in the in-plane lattice parameters is much 
smaller. With increasing electron doping or increasing Nd (correspondingly decreasing p 
and increasing c), FeSe system shifts from the h-dominated (Nd = 6 - p < 6 in HID 
Fe1-xSe) toward e-dominated (near Nd = 6 in CVT FeSe as p  0) regime. 
Correspondingly, the Hall coefficient at low T = 10 K just above Tc increases with Nd in 
the h-dominated regime. The superconductivity appears near Nd = Nd
sc
 ~ 5.89 (at an 
Fe-deficiency x = xsc ~ 5.3 %), deeply inside the h-dominated regime where the 
electronic correlation is strongly enhanced. And then Tc rises steadily with weakening 
strength of the correlation. As the system crosses from the h- into e-dominated regime in 
the close vicinity of Nd
h/e
 ~ 5.97 (at xh/e ~ 1.4 %), Tc reaches the optimal value of 9 K 
smoothly. The onset Fe-deficiency (xsc ~ 5.3 %) for superconductivity in the prototypical 
Fe1-xSe is comparable to that (xsc ~ 5 % [26]) in the intercalated (Li,Fe)OHFe1-xSe of a 
high Tc up to 42 K. This implies a universal doping level for superconductivity to emerge 
within the conducting FeSe-layers of the related iron-based compounds.  
Upon entering the electron-dominated regime, however, Tc of FeSe system becomes 
saturated at 9 K initially then prone to a subtle decrease, despite the further weakened 
electronic correlation with increasing Nd. Simultaneously, the orthorhombic phase 
transition at Ts is observed only in this regime with Nd ≳ Nd
h/e
 (or x ≲ xh/e), as 
summarized in Fig. 4. And highly mobile electron-carriers appear at low temperatures 
[24,25], responsible for the sudden sign change of low-T Hall coefficient near Nd
h/e
 (xh/e) 
and strongly negative RH(10 K) values (Fig. 4, the middle panel). Therefore, the 
saturation and subsequent decrease in Tc seem to suggest that new electronic states 
developing with the long-range orbital-nematic order in the e-dominated regime do not 
favor the superconductivity stemming from the h-dominated regime, while the existing 
electron pairing channel is reserved. In addition, the high pressure P, as a clean control 
parameter to suppress the nematicity without changing the chemical stoichiometry, can 
further increase Tc’s (at the zero resistivity) of both the HID Fe1-xSe and CVT FeSe to 
higher values, and they are all maximized under the same optimum pressure Popti. ~ 6 
GPa (see Fig. 3c). This is in consistence with a similar superconducting pairing 
mechanism for the HID and CVT samples as speculated above.  
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In high pressures, a new magnetic/orthorhombic phase is induced below Tm in the 
CVT samples [38,39], which, however, is hardly discernible in pressurized HID samples 
[27]. As can be seen from Fig. 3c, the magnetic/orthorhombic phase seems also to slow 
down the development of superconductivity in CVT FeSe in the pressure range from 1.7 
to 5 GPa, as compared with that in HID Fe1-xSe H9 of the same Tc (9 K at ambient 
pressure). Once this magnetic phase in the CVT sample starts to be suppressed at P ≳ 5 
GPa, its Tc exhibits a steep increase to an optimal value of 38.3 K around Popti., where the 
Hall coefficient at low T becomes strongly positive [40]. In contrast, the pressure 
dependences of Tc for HID samples evolve much more smoothly than the CVT sample, 
which reache the optimal Tc values (26 K for H9 and 21 K for H7.2) under the same Popti.. 
The orbital (below Ts) and pressure-induced magnetic (below Tm) long-range orders do 
not cooperate with the superconductivity. Therefore, the cleaner region where the 
long-range orders are suppressed could be more promising in probing into the key 
ingredient for superconducting pairing.  
The phase diagram in Fig. 4 reveals a doping-dependent superconducting dome in 
FeSe system, which emerges starting from the strongly correlated region. This is 
analogous to that observed in cuprate superconductors [41,42], which are referred to as 
doped Mott insulators. Nevertheless, there are significant differences between them due 
to their different 3d electronic configurations. Firstly, in cuprates, the superconductivity 
emerges upon electron or hole doping in close proximity to AFM half-filled (3d
9
 of Cu
2+
) 
insulating parent state; and Tc of electron-doped (Nd/Pr)2-xCexCuO4-y appears at a finite 
initial value [41,42]. By comparison, for nearly stoichiometric FeSe (near 3d
6
 of Fe
2+
), 
proximity to the half-filled Mott limit (at 3d
5
 of Fe
3+
) requires a high degree of Fe 
deficiency in Fe1-xSe, which is x  1/3 (33 %), i.e. p  1, for 3d
6
  3d5. Actually, AFM 
localized behavior [43] has been observed in nanosheets of Fe4Se5 (with x = 20 %, and 
average Nd = 5.5). And ferrimagnetic (because of unequal moments of sublattices with 
AFM alignments) metallic state [44] has been reported for bulk Fe7Se8 (x = 12.5 %, and 
Nd ~ 5.71), which is relatively closer to the superconducting dome (starting at xsc ~ 5.3 %, 
and Nd
sc
 ~ 5.89). Both the non-SC phase near the Fe-deficiency x = xsc and SC phase at 
higher electron-doping levels than the present samples deserve further studies. Secondly, 
there exists another important difference. Unlike the cuprates, the iron-based 
superconductors are multi-orbital/band systems because of the 3d
6
 configuration of five 
Fe-3d orbitals and small crystal field splitting [45]. Therefore Hund’s rule coupling 
becomes relevant in the iron-based materials [4]. This gives rise to the multiplicity and 
complexity in iron-based superconductors, such as orbital selectivity and spin-orbit 
coupling.   
To summarize, we establish a more complete joint phase diagram for FeSe system, 
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across the hole-dominated iron-deficient Fe1-xSe and electron-dominated nearly 
stoichiometric FeSe. The superconductivity emerges deeply inside the hole-dominated 
regime where the electronic correlation is strongly enhanced, and Tc evolves in a 
dome-like shape with increasing electron doping and weakening strength of electronic 
correlation. The onset doping level for superconductivity to emerge seems to be universal 
for FeSe-based superconductors. The tetragonal-orthorhombic phase transition is 
observed only at higher electron-doping levels in the electron-dominated regime, where 
Tc tends to decrease with further electron doping. The experimental findings presented 
here have important implication for the underlying physics of iron-based 
superconductivity in connection with the electronic correlation. Further work is required 
for a microscopic understanding of FeSe system in analogy with cuprate 
superconductors.  
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FIG. 1. (a) Temperature dependences of magnetic susceptibility (the upper panel) and 
scaled in-plane electrical resistivity ρ(T) up to 20 K (the lower panel) for representative 
HID and CVT samples. All the samples show the sharp bulk superconducting transitions 
with ~100 % shielding signals. The magnetic data were measured in zero-field-cooling 
(ZFC) mode in a 1 Oe field parallel to c axis, and corrected for demagnetization factor. (b) 
The scaled ρ(T) curves up to 200 K.  
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FIG. 2. (a) Temperature dependences of specific heat for HID (H9, H7.2) and CVT (C8.6) 
single crystals, as well as polycrystalline sample S8. The curves are offset for clarity. 
Different background colors are used for the samples having (gray) or not having (blue) 
the structural transition at Ts. (b) Plot of Fe/Se ratio vs. Tc among the present HID, CVT, 
and polycrystalline samples, as well as the samples of previous work [5,28-31]. The 
background color codes are the same as in (a). (c) Powder XRD pattern at 40 K and 
corresponding Rietveld refined profile (see Table S2 for the refinement results) for HID 
H7.2. (d), (e) Comparison between the single tetragonal (220) peak down to 20 K by the 
powder XRD for HID H7.2 and the peak splitting into the orthorhombic (400)/(040) 
doublet for polycrystalline sample S8.  
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FIG. 3. (a) Temperature dependences of Hall coefficient RH for HID Fe1-xSe and CVT 
FeSe single crystals. Not all the data are shown for clarity. Here Hall coefficient is defined 
as the field derivative of Hall resistivity rxy(H), RH = drxy(H)/dH, at the zero-field limit. 
The small error bars of the HID samples indicate a slight nonlinearity in their low-T rxy(H) 
curves. (b) Temperature dependences of normal-state magnetic susceptibility up to room 
temperature for H7.2 and C8.6 single crystals. (c) T-P phase diagrams of HID (H7.2, H9) 
and CVT [38,40] single crystals. The data of HID samples are obtained by measuring the 
in-plane resistivity ρ(T) under high hydrostatic pressures [27]. Here the SC transition 
temperature is defined as the onset temperature of zero resistivity, Tc
zero
.  
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Fig. 4. Lower panel: Phase diagram of FeSe system, plotted by temperature T vs. lattice 
parameter c (at 300 K) and superimposed by a contour plot of Hall coefficient RH(T) in the 
normal state. The SC transition width is indicated by the vertical error bars of the Tc data. 
The solid/dashed orange curve is a guide to the eye. The Fe-deficiency x (the upper 
horizontal axis) correlates with the lattice parameter c, as inferred from Fig. S5. The phase 
diagram is constructed with the data of seven HID Fe1-xSe (H0, H3, H4.6, H6.4, H7.2, 
H7.8, H9) and three CVT FeSe (C8.6, plus the other two with Tc = 9 K from refs. 31 and 
40) single crystals. HID sample H0 shows no superconductivity down to 1.8 K. Middle 
panel: The c dependence of Hall coefficient RH(T) at low T = 10 K just above Tc. The 
RH(10 K) values are positive for x ≳ xh/e (Nd ≲ Nd
h/e
) and negative for x ≲ xh/e (Nd ≳ 
Nd
h/e
). Upper panel: The d-electron number per iron (Nd) in Fe1-xSe as a function of 
Fe-deficiency x, i.e. Nd = 6 - p = (6-8x)/(1-x), in the range of xsc   x   0. 
